An octadecylsilylsilica (C18) column dynamically coated with methyltricaprylylammonium chloride (C18-Aliquat 336) was examined for the preconcentration of trace amounts of Zn in water samples. Zinc was quantitatively retained on the column from an HCl solution at between 0.5 and 3 mol dm-3, or seawater acidified with HCI, ranging from 0.5 to 1.0 mol dm-3. The retention capacity of the Cls-Aliquat 336 for zinc was about 50 µmol g-' from a 1 mol dm3 HCl solution. The Zn retained on the column was completely eluted with 3.5 ml of 0.1 mol dm3 nitric acid, and was directly determined by graphite-furnace atomic absorption spectrometry. The precision and accuracy of the present method were demonstrated by analyzing certified reference materials, such as Coastal Seawater (CASS-2) and Riverine Water (SLRS-3). The total procedural blank was 1.9±0.4 ng for Zn. The detection limit (3u of the blanks) was 2.4 ng dm-3 for Zn based on a 125-fold concentration of a 500-ml sample.
The concentration of zinc in open ocean seawater is in the range of sub-micrograms per liter (0.01-0.6 µg 11).1 Although graphite-furnace atomic absorption spectrometry (GF-AAS) gives a minute detection limit (0.02 µg 1-1) for Zn, a precise determination of Zn in seawater by GF-AAS usually requires a preconcentration/separation step of the element prior to instrumental analysis due to matrix interference from high sea-salt contents. A number of techniques have been used for this purpose, including coprecipitation2'3, solvent extraction4, metal-chelating resins5 and immobilized chelates.6-9 However, most of the procedures usually involve several chemical stages, and are time-consuming, thus leading to high blanks unless the reagents have been carefully purified. Silica-immobilized 8-hydroxyquinoline (I-8-HOQ)7'8 has been proven to be particularly useful for the concentration and matrix isolation of trace heavy metals from Seawater. Unfortunately, there is no commercial source of I-8-HOQ, and its synthesis, though not difficult, is tedious. More importantly, it suffers from hydrolysis (at pH>5) and, as a consequence of some dissolution of the substrate, a relatively high Zn blank occurs at the pH which is optimal for Zn preconcentratl0n. 8, 9 An alternate approach to the concentration of metal ions is the use of reverse-phase column and hydrophobic molecules containing functional groups, such as quaternary ammonium saltsl°-13, bis(2-ethylhexyl)hydrogenphosphate and 2-ethylhexyl dihydrogenphosphate.14 These materials loaded on a hydrophobic substrate offer several advantages, and were used for the matrix isolation and preconcentration of trace elements, such as Cd12 and rare-earth elements14 in seawater, by column techniques. Unlike Chelex-100 and I-8-HOQ, no buffer or additional reagents are necessary, and preconcentration is possible in acidic solutions. However, none of the above-mentioned methods has been used for the preconcentration of Zn in seawater. We previously proposed a new preconcentration technique involving a column of C,s coated with Aliquat 336. 13 The coated column was applied to the separation/preconcentration of platinum in airborne particulate samples.
This paper describes a simple and convenient method for the preconcentration of trace zinc from seawater, followed by an atomic absorption spectrometric determination of the element. The adsorption and elution properties were examined in order to evaluate a dynamically coated column of Aliquat 336 onto C,s. The preconcentration process is simple, requiring very few reagents, while minimizing the contamination of blanks.
Experimental
Apparatus Atomic absorption analyses were performed on a Hitachi Model Z-9000 atomic absorption spectrometer with a Zeeman-effect background correction system. Measurements were performed at 213.9 nm using a conventional hollow-cathode lamp operated at a slitwidth of 0.7 nm at 5 mA. Argon was used as the inert gas at 250 ml min-1.
Storage bottles, labware and sample cups for AAS analysis were precleaned by soaking in 50% hydrochloric acid for one week, followed by overnight soaking in 0.3 M (M=mol dm 3) nitric acid and rinsing with highpurity water.
A 175X14 mm glass column fitted with a course-sintered glass frit and Teflon stopcock was used for metal-ion separation and preconcentrations.
All of the laboratory manipulations were performed in a class-1000 clean room.
Reagents
Concentrated nitric and hydrochloric acids were purified by sub-boiling distillation in a quartz still. Deionized, distilled water (DDW) was used for all sample preparations.
All other reagents were of reagent-grade or better purity.
Octadecylsilica (ODS) C18 resins (Develosil ODS-15/ 30, Nomura Chemical Co.) were pre-cleaned by sequential additions of 20 ml of methanol, 50 ml of 1 M HC1 and 10 ml of methanol, which were fed through the column under gravity. The material was then dried at room temperature under a clean laminar-flow bench. Aliquat 336 (methyltricaprylylammonium chloride) was obtained from Aldrich Chemical Co. (Milwaukee, WS, USA). Trace metal standards were prepared by dilution of commercially available 1000 mg/l metal of AAS standard solutions (Wako Pure Chemical Industries, Ltd.).
Certified reference materials, CASS-2 (Seawater) and SLRS-3 (Riverine Water) were obtained from the National Research Council of Canada, Ottawa, Ontario. Near-shore seawater used for trace-metal recovery experiments was sampled and stored in a high-density polyethylene bottle. A portion of the sample was immediately acidified to pH 1.8 with nitric acid after collection, and was stored without filtration. The samples were taken from a site roughly 5 km northeast of Shiretoko (Hokkaido, Japan),
Preparation of dynamically coated resin
Dynamically coated resin was prepared by adding 10 ml of 4 (w/v)% of Aliquat 336 in hexane to 600 mg of ODS resin. The resin slurry was quantitatively transferred to a glass column and washed with 20 ml of 4 (w/ v)% Aliquat 336 in hexane at a flow rate of 1 ml min 1.
The resin was removed from the column, dried at room temperature and stored in a screw-cap bottle.
Standard procedure A new column containing 600 mg of resin was precleaned by passing 30 ml of 1 M HNO3 through it. Prior to passage of the sample, the column was conditioned with 10 ml of 1 M HCI. Samples were adjusted at between 0.5 and 1 M HC1 with high-purity HC1 and passed through the column at a flow rate of 3 ml min-1. After a following passage of the sample, the column was washed free of seawater with 10 ml of 0.6 M HCI. The adsorbed trace metals were then eluted from the column using 4 ml of 0.1 M HNO3. The column was washed with 5 ml of 1 M HNO3, followed by preconditioning before the next sample. Blanks for the preconcentration procedures were determined by passing 50 ml of 0.6 M HCI through the column in place of the sample. Results and Discussion
Because of the high molecular weight of Aliquat 336, it strongly adsorbs onto hydrophobic substrates, such as C18 and polyurethane foam.10,11 Cassidy et al.lo reported on the preparation and capacity of dynamically coated C18 columns of several quaternary ammonium salts. Coated columns were successively applied to the chromatographic separation of anions (i.e. 103. , S2032-, NO2-, NO3-and I-). In our preliminary work, a sample resin was prepared according to a method reported by Cassidy et al. using 80% (v/v) methanol-20%o water solvent; however, no adsorption of Zn was found from HC1 solutions in the range of 0.01 to 5.0 M using Cassidy's procedure.
For the present resin prepared using 4%(w/v) Aliquat 336 in hexane, the amount of Aliquat 336 retained on ODS C18 was found to be 160 mg g'. The capacity of the resin for Zn was measured by a batch method using 50 ml of 50 mg 1-1 Zn(II) solution and 0.25 g of the resin. The capacity was determined to be 50 smol Zn per g of the resin from 1 M hydrochloric acid solutions. This result did not change after storage of the resin for 3 years.
On the other hand, El-Wakil et al.ll reported on the separation of Fe or Cd from cobalt and nickel using columns packed with polyurethane foam loaded with Aliquat 336. The capacity of the foam was 61 mg Fe(III) g-1 from 3 M hydrochloric acid solution. However, quantitative elution was achieved by passing 70 ml of 0.1 M L-ascorbic acid for Fe, while Cd required 80 ml of 1 M HNO3. Since the purpose of this work involved not only the separation of Zn from the major matrix elements of seawater, but also preconcentration of the element, the possibility of using the foam loaded with Aliquat 336 for Zn was not examined.
Since the capacity of the present material has a similar magnitude to that reported for I-8-HOQ (i.e. 40 -60 smol g-')7, the relatively small capacity of the C18 column does not present a problem, even if processing several liters of seawater sample.
Effect of HCl concentration on the adsorption of zinc
The effect of the hydrochloric acid concentration on the adsorption of zinc was studied using 50 ml of acidified samples. The samples were introduced onto a column of C1s coated with Aliquat 336; the effluent was then analyzed by GF-AAS. The results for the adsorption of Zn using the column are shown in Fig. 1 . Complete uptake of a 20 ng mL1 Zn solution occurred between 0.5 and 3.0 M HCI; acid concentrations greater than 5 M were not studied. On the other hand, there was no uptake of Zn on untreated C1s under these acidic conditions.
The effect of the flow rate on the adsorption of zinc was checked. The flow rate of a sample solution on the adsorption was varied from 0.7 to 7 ml min 1. Flow rates lower than approximately 3 ml min 1 could be attained simply under gravity flow, while the column was aspirated at a flow rate of higher than that. The volume of the sample passed through the column was 100 ml, and the sample concentration was 10 ng mL1 for the element. Varying the flow rate in the range studied did not affect the degree of Zn adsorption efficiency on the column.
Elution profiles and recovery efficiency
The elution profiles for Zn are given in Fig. 2 . It can be seen that complete recovery was obtained using 2 ml of 1 M HNO3 eluting acid. If the eluting acid mixture was decreased to 0.1 M HNO3, the elution volume necessary to quantitatively elute the element increased to 3.5 ml. Although attempts to use 0.05 M HC104 as an eluting acid were successful, the presence of perchlorate ions interfered with the metal uptake for subsequent preconcentrations.
Washing with 50 ml of 0.1 M HNO3 did not restore the column to its original state. Alternatively, DDW could be used to quantitatively elute the metal, although after several weeks of use the capacity of the column decreased. This was possibly due to dissolution of a part of the Aliquat 336 into the DDW. The present method thus precluded any passage of DDW and perchloric acid through the column.
The recovery of spikes added to seawater samples is shown in Table 1 . A recovery test was carried out using 100 ml of seawater in the presence of various concentrations of HCI. The recovery of Zn was complete between 0.5 and 1.0 M HCI. Studies using seawater acidified to 0.6 M HCl indicated quantitative recovery, which was obtained using seawater volumes up to 500 ml. Larger volumes were not tested, and therefore major elements in seawater, such as sodium, potassium, magnesium, calcium and sulfate ions, have no influence on the recovery of zinc.
Since the seawater samples are generally acidified to <pH 1.8 with nitric acid after collection and being stored in bottles, the effect of the HNO3 concentration on the recovery efficiency of Zn from seawater was studied using 100 ml of spiked seawater containing 0.6 M HCI. The results are given in Fig. 3 . At concentrations up to 0.05 M, nitric acid did not interfere with the retention of zinc onto the column; however Zn recovery from seawater began to decrease as the HNO3 concentration increased.
Alkali, alkaline earth elements, Al, Cr, Co, Cu, Ni and Mn were not adsorbed onto the column from solutions between 0.1 and 5.0 M HCI. Thus, the major matrix elements of seawater samples were passed to the drain while the sample was passed through the column. The remaining negligible matrix elements could also be is-Aliquat 336 column by ;1 mol dm-3 HNO3 (0). Table  1 Recovery efficiencies from seawater samples with
and without the addition of hydrochloric acid a.
b.
High-purity HCl was added to 100 ml of seawater sample.
Mean and standard deviation for three determinations.
removed by washing the column with 10 ml of 0.6 M HCl prior to elution of Zn, thereby making the concentrates essentially matrix free and suitable for analyses by a wide range of instrumental techniques (e.g., isotope dilution ICP mass spectrometry).
Analytical blank and detection limit Absolute blanks are presented in Table 2 . The column blanks were prepared from 20-ml volume of acidified DDW containing 0.6 M HCI, and were measured by analyzing the eluates using isotope dilution ICP mass spectrometry, because the value of those were extremely low; i.e. the column blank was determined to be 0.70±0.09 ng (n=3). Blanks were also prepared from 50-ml and 100-ml volumes of acidified DDW. There was no significant difference between the 20-ml and 100-ml volume of acidified DDW blanks. However, a significant source of contaminations (nearly 1 ng of Zn) was found to come from the graphite furnace, sample cups, autosampler and other factors during AAS measurements.
The total procedural blank, including GF-AAS measurements, was determined to be 1.9±0.4 ng (n=4). This corresponds to a limit of detection of 2.4 ng 1-1 for Zn, defined by three-times the standard deviation of the blanks based on 500 ml of a sample.
To obtain reproducible and low column blanks, special care must be taken to reduce any impurities in the reagents.
This can be done by using HCl and HNO3
purified by sub-boiling distillation in a quartz still; the zinc impurity in purified 6 M HCl and 14 M HNO3 reagents used were less than 5 pg mL1 and 10 pg ml-1, Application to seawater and non-saline water samples In order to study the accuracy of the method, Coastal Seawater (CRM CASS-2) and Riverine Water (CRM SLRS-3) were analyzed. The results for the analyses of two CRMs are given in Table 3 . An aliquot of the samples (100 ml) was adjusted to 0.6 M HCl by adding 10 ml of sub-boiled HCI; the samples were then processed by passing through the column. The metal ions were eluted with 0.1 M nitric acid. Since GF-AAS gives high sensitivity for Zn at 213.9 nm, the coastal seawater samples were concentrated 15-fold, and the riverine samples 20-fold. Calibration was achieved by spiking an aliquot of the concentrate with the element of interest, thereby obtaining an exact matrix match. As can be seen in Table 3 , the results for the element are in satisfactory agreement with the certified values. The precision of analysis, expressed as a relative standard deviation, was 4.6% for CASS-2 and 5.7% for SLRS-3 samples, respectively.
The results for the analyses of a near-shore seawater sample collected at Shiretoko (Hokkaido, Japan) with a zinc content of sub-µg 1-1 level are given in Table 4 . Each analysis involved processing three aliquots of the sample. The sample was concentrated ranging from 25-fold to 75-fold. In Table 4 , the present results are also compared with the values obtained by a different technique involving isotope dilution ICP mass spectrometry16 after preconcentration with an I-8-HOQ column at from Table 2 Absolute blank and detection limit a. Defined as the concentration of analyte which gives a response equivalent to 3 times the standard deviation of the total procedural blank, based on 500 ml of sample. Since preconcentration is performed in acidic solutions, no buffer is necessary for controlling the pH.
